A B S T R A C T The effects of ingested and infused glucose upon circulating glucagon-like immunoreactivity (GLI) were compared in 14 triply catheterized conscious dogs. Within 60 min after the intraduodenal administration of 2 g/kg of glucose, the mean level of glucagon-like immunoreactivity in the vena caval plasma more than doubled, whereas after intravenous infusion of the same dose over a 90 min period no change in the mean vena caval level was observed; during glucose infusion mean glucagon-like immunoreactivity in the pancreatic venous effluent declined, suggesting that hyperglycemia suppresses rather than stimulates pancreatic glucagon secretion.
A B S T R A C T The effects of ingested and infused glucose upon circulating glucagon-like immunoreactivity (GLI) were compared in 14 triply catheterized conscious dogs. Within 60 min after the intraduodenal administration of 2 g/kg of glucose, the mean level of glucagon-like immunoreactivity in the vena caval plasma more than doubled, whereas after intravenous infusion of the same dose over a 90 min period no change in the mean vena caval level was observed; during glucose infusion mean glucagon-like immunoreactivity in the pancreatic venous effluent declined, suggesting that hyperglycemia suppresses rather than stimulates pancreatic glucagon secretion.
To determine if the rise in glucagon-like immunoreactivity that occurs during glucose absorption was of pancreatic origin, the effect of pancreatectomy performed 1 hr after the intraduodenal administration of glucose was determined. Although circulating insulin disappeared after resection of the pancreas, the level of glucagon-like immunoreactivity continued to rise, establishing its extrapancrentic origin. In other experiments, measurements j. 'cagon-like immunoreactivity in plasma obtained simultaneously from pancreatico-duodenal and mesenteric veins and from the vena cava revealed the increment after intraduodenal glucose loading to be greatest in the mesenteric vein in 8 of 12 experiments, favoring the gut as the likely source of the rise.
To characterize gut glucagon-like immunoreactivity, acid-alcohol extracts of canine jejunum were compared with similar glucagon-containing extracts of canine pancreas with respect to certain physical and biological properties. On a G-25 Sephadex column the elution volume of the jejuna'i immunoreactivity was found to be smaller than that of glucagon, which suggested a molecular size at least twice that of pancreatic glucagon. Furthermore, the in vivo and in vitro biological activities of the eluates containing jejunal glucagon-like immunoreactivity appeared to differ from those of eluates containing pancreatic glucagon. The jejunal material lacked hyperglycemic activity when injected endoportally into dogs, was devoid of glycogenolytic activity in the isolated perfused rat liver, and did not increase hepatic 3',5' cyclic adenylate in the perfused liver; however, like glucagon it appeared to stimulate insulin release. It seems quite clear the material in intestinal extracts either is a different substance or a different form from that of true pancreatic glucagon, although it crossreacts in the radioimmunoassay with antibodies to glucagon.
It is concluded, (a) that hyperglycemia does not stimulate and probably suppresses the secretion of INTRODUCTION Both Samols et al. (1) and Lawrence (2) have reported that the concentration of immunosassayable glucagon rises after the ingestion of a large glucose load. These findings appeared to conflict with earlier observations by our lab (3) which had indicated that hyperglycemia induced by the intravenous administration of glucose suppressed glucagon secretion. The findings of Lawrence and of Samols, coupled with the demonstration by Samols et al. (4) of glucagon's insulin-stimulating activity, have led these workers to propose that glucagon is a hormone of glucose abundance, the function of which is to enhance the insulin secretory response to ingested glucose. This intriguing proposal is at odds with the more traditional view, supported by the observations of our group (3, 5) , that glucagon is a hormone of glucose need (6, 7) , the function of which is to enhance hepatic glucose production by means of increased glycogenolysis and gluconeogenesis.
The studies reported here were designed to compare the effects of intraduodenal and intravenous administration of large glucose loads upon the levels of immunoassayable glucagon in plasma, and, if the seemingly conflicting observations cited above are verified, to elucidate the mechanism of the apparent differences in response of glucagon to absorbed and infused glucose.
METHODS
Experimental preparation. 2 days or more before the first experimert, nembutalized mongrel dogs were operated on under sterile conditions. A polyethylene catheter was threaded through a small mesenteric venous radicle and guided into the superior pancreaticoduodenal vein in a retrograde direction to a distance of 3-S5 cm from its junction with the portal vein. The catheter was stabilized by means of a suture piercing the vein, which secured it to the side of the vessel. A second catheter was threaded through a mesenteric venous radicle and into a major mesenteric vein draining an area of the upper jejunum. A third catheter, a Teflon tube, was inserted through the left jugular vein; with its opening reposing in the vena cava between the heart and the hepatic veins it was secured with sutures that encircled and occluded the jugular vein. Finally, a plastic gastric tube was passed through a duodenostomy incision and sutured in place with its tip in the third portion of the duodenum. All tubes and catheters were exteriorized and heavily bandaged with tape. The pancreatic vein catheter was infused continuously at a constant rate, in order to deliver 100 U of heparin in a volume of 20 ml/hr. After recovery, the dogs were placed in narrow cages which prevented them from turning or otherwise disturbing the catheters. Each dog received 600,000 U of penicillin G intramuscularly daily after surgery. Recovery was uneventful for most dogs, and survival for 10 days or more in apparently good health was common. Dogs were maintained on a Purina Chow diet containing 53.5% carbohydrate, 8% fat, and 24% protein before and after the surgical procedures.
Only dogs who appeared to be in good health postoperatively were employed in this study. Diarrhea, loss of appetite or vigor, weight loss in excess of 1.5 kg, and unexplained temperature elevation were regarded as evidence of poor health and as grounds for disqualification from the study. Dogs with a hematocrit value below 35% were transfused on the eve of the experiment. Experiments were begun after the 2nd postoperative day.
Each dog was sacrificed upon completion of the study and an autopsy performed. The position of each catheter was determined and the pancreatic and jejunal effluent veins were examined for the presence of clots. Only data derived from dogs with a patent pancreaticoduodenal venous system were included. Experimental procedure. Dogs were studied after an overnight fast. In a fully conscious state they were suspended in a cradle sling with their extremities touching the floor. Specimens of blood were obtained -from all three catheters at frequent intervals with syringes rinsed with EDTA. The blood was immediately centrifuged at 4°C for 20 min and the plasma stored in groups at -15°t o -20'C until the time of assay. Assays were performed from 1 to 70 days after freezing in all but two of the experiments.
The effects of intraduodenal glucose loading were studied first; a sterile 20% solution of glucose was administered in a dose of 2 g/kg of body weight via the intraduodenal catheter over a period of 5 min. 2 days later the effects of intravenous glucose administration were studied in the same dog; glucose was infused via the crural vein either in an identical dose of 2 g/kg delivered at a constant rate over a 90 min period ("isometric" experiment) or in a varying dose delivered at a varying rate designed to simulate the vena caval plasma glucose curve of the intraduodenal experiment ("isoglycemic" experi-ment). Blood specimens were obtained at 5-30 min intervals.
Laboratory Methods. Glucose was measured in plasma by the ferricyanide method of Hoffman (8) using the Technicon Autoanalyzer.
Insulin was measured by the method of Yalow and Berson (9) .
Glucagon was measured by radioimmunoassay (10) , as recently modified to include the proteinase inhibitor "Trasylol," 1 added during the assay procedure (11) .
In its present form the radioimmunoassay for glucagon must be regarded as no more than semiquantitative. Although the reproducibility of replicate assays of known and unknown specimens within a given run is excellent [+ 1.2% (11) ], repeated assays of a given unknown sample in different runs using the same antiserum do not give the same degree of reproducibility. When an unknown sample is reassayed within 40 days of the initial assay, the results do not differ by more than 10% if the specimen has been thawed no more than twice. When more than 60 days have elapsed between two assays, a second result may be 30-50% lower than the first value.
In a relative sense, however, inter-run reproducibility appears to be high. For Within 24 hr of its reconstitution, 0.6 ml of the tissue extract solution, to which a trace (<0.8 mpg) of glucagon-13lI had been added, was applied to a 110 X 0.7-1.0 cm column of Sephadex,2 G-25 Fine (20-80 a particles), which had been previously equilibrated with the glycinealbumin buffer, and tested with molecular weight markers, blue dextran, cytochrome c, insulin-"3'I, and glucagon-'I.
A flow rate of 0.24.25 ml/min was maintained in all runs. After collection of the void volume of the column, fractions of 1 or 2 ml were collected in an automatic fraction collector and assayed for glucagon-like immunoreactivity and for radioactivity. Eluates were kept at 4°C until the time of counting and were then stored at -20°C until the time of the radioimmunoassay, approximately 1 wk later.
Liver perfusion. The glycogenolytic activity of eluates of jejunal and pancreatic extracts was examined with the isolated, perfused rat liver preparation described by Mortimore (18) . Livers from fed rats were perfused with recirculation for 20 min with medium consisting of 20% red blood cells suspended in Krebs-Henseleit bicarbonate buffer containing 3% bovine serum albumin. The perfusion system was then changed to one in which the medium flowed once through the liver and the glucose concentration in the effluent was measured at 1 min intervals. When a constant glucose level was observed, indicating that a steady rate of glucose production had been attained, the eluates were infused at a known rate into the medium entering the liver and the resulting change in glucose output was compared with that produced by standard amounts of crystalline glucagon. The system was capable of responding to as little as 4 mug of glucagon.
RESULTS
Effect of intraduodenal glucose administration upon the vena caval level of glucagon-like immunoreactivity. In a group of 14 dogs the intraduodenal administration over a period of 5 min of 2 g of glucose/kg of body weight was followed by a rise in the mean vena caval plasma glucose level to a peak of 216 mg/100 ml (151-280 mg/ 100 ml) at 30 min. In all but one of these experiments this was associated with a rise of 100%o or more in the vena caval concentration of glucagonlike immunoreactivity, occurring between 20 and 120 min; the mean level for the group increased from 0.81 mtg/ml at zero time to 2.10 mpug/ml (SD + 0.81) at its peak 60 min after the glucose. This represented a statistically significant change from the baseline level of glucagon-like immunoreactivity (P < 0.001). These results confirm the findings obtained by Lawrence (2) and Samols et al. (1) in human subjects given a large oral glucose load.
The mean values are shown in Table I and Table III. The mean levels and SD of plasma glucagon-like immunoreactivity (GLI) in the vena cava after the administration of a large glucose load: A, intraduodenally to a group of 14 dogs; B, intravenously to a group of 11 dogs. A circle about a point on the mean curve of glucagon-like immunoreactivity indicates that it differs significantly (P < 0.01) from the mean value at zero time. weight was administered at a constant rate over a 90 min period so as to deliver at least as much glucose as in the previous intraduodenal experiment ("isometric" experiment) ; in the other five experiments glucose was infused at a varying rate designed to simulate the hyperglycemic curve of the previous intraduodenal administration of glucose ("isoglycemic" experiment). In all but one of the experiments employing the intravenous route the hyperglycemia was at least as great as in the experiments employing the intraduodenal route; the peak vena caval glucose concentration averaged 292 mg/100 ml (from 195 to 496 mg/ 100 ml), as compared to the peak value of 216 mg/ 100 ml in the intraduodenal experiments. Despite the greater hyperglycemia in the intravenous experiments, the level of glucagon-like immunoreactivity in vena caval plasma did not increase in any of the 11 experiments during the infusion, nor did the mean value change (Table II and Fig. 1 b) . However, because of dilution and binding to the liver of secreted glucagon a physiologically significant increase in the pancreatic contribution of glucagon may not be reflected by a measurable increment in its concentration in peripheral plasma (3, 12) . To exclude the possibility of undetected secretion of pancreatic glucagon during the foregoing infusion experiments, the glucagon concentration was also measured in the pancreaticoduodenal vein.
In 10 of the 11 experiments pancreaticodtiodenal vein glucagon concentration failed to rise during the infusion; furthermore, in all four dogs in which glucagon-like immunoreactivity at zero time exceeded 1.8 mfeg/ml, the level declined by at least 50%o during the period of hyperglycemia. The mean level of glucagon-like immunoreactivity in the pancreaticoduodenal vein for the entire group declined from 1.6 mf&g/ml at zero time to a nadir of 0.9 mug/ml at 20 min; this change was statistically significant (P < 0.01). After the termination of the glucose infusion, as the plasma glucose level was rapidly declining, a rise in glucagon concentration was noted in six of the experiments.
The results of these experiments are recorded in Table II. These results confirm previous reports from this laboratory which indicated that hyperglycemia does not stimulate pancreatic glucagon secretion and may, in fact, suppress it (3).
The source of the apparent rise in plasma glu- (13) (14) (15) . If the increase in plasma glucagon-like immunoreactivity is pancreatogenous, the former alphacyto- tropic mechanism would be supported; if it is of enteric origin, the latter concept would be favored.
To determine if the increase in glucagon values was enterogenous or pancreatogenous, two Nembutalized, acutely operated dogs were given 2 g of glucose/kg of body weight intraduodenally. 1 hr later, when the portal vein levels of both insulin and glucagon-like immunoreactivity were rising substantially, preplaced sutures were suddenly tightened about all vascular connections of the pancreas, and the organ quickly resected. The insulin level abruptly fell almost to zero and the plasma glucose level rose, but the course of portal vein glucagon-like immunoreactivity continued upward (Fig. 2) . These findings leave little doubt that the rise in glucagon-like immunoreactivity that follows the intraduodenal administration of glucose is extrapancreatic in origin.
The gastrointestinal tract is highly suspect as a source of nonpancreatic glucagon-like immuno- reactivity. Immunoassay for glucagon of acidalcohol extracts of the upper gastrointestinal tract of man, rat, beef, and dog, prepared by the method of Kenny (16) , has demonstrated the presence of a large and widely distributed quantity of glucagon or glucagon-like immunoreactivity (15) . Fig. 3 shows the distribution of glucagon-like immunoreactivity in the gut of a dog; the total immunoreactivity approaches in immunologic equiv- Table III . However, change in concentration is more meaningful than absolute values, and the mean changes are summarized in Table IV and Fig. 4 . In 8 of the 11 experiments, the rise in the concentration of glucagon-like immunoreactivity after the intraduodenal administration of glucose was higher in the mesenteric vein than in either the vena cava or the pancreaticoduodenal vein. As shown in Table IV and Fig. 4 , the first statistically significant mean increment (P < 0.01) in glucagon-like immunoreactivity above the value at zero time occurred in the mesenteric vein within 5 min, which suggests an enteric contribution. The initial change in the pancreaticoduodenal vein at this time is a downward one, providing further evidence that at least initially, the increment must be of extrapancreatic origin; the subsequent rise does not The results of an experiment are shown in Fig. 5 and are typical of the findings in 10 such experiments. The elution volume of the glucagon immunoreactivity of pancreatic extract was virtually identical with that of glucagon-131I which has a molecular weight of less than 4000, whereas the elution volume of the immunoreactivity of jejunal extracts was much less, suggesting a substance of considerably larger molecular size.
A comparison of the biological actions of the eluates of jejunal and pancreatic extracts that contain the glucagon-like immunoreactivity was also made, both in vivo and in vitro. The in vivo hyperglycemic acitvity of the eluates was studied by means of technic described previously (12) , in which the test substance is injected rapidly via the portal vein of a Nembutalized, acutely operated dog and the arterial blood glucose level is measured at intervals of 1-15 min. Fig. 6 indicates that the endoportal injection of 7 ml of jejunal eluate, 24-27 ml (Fig. 5) , containing the immunologic equivalent of 1 ug of glucagon did not cause arterial hyperglycemia when injected rapidly into the portal vein of dogs. By contrast, injections of 1 /Ag of crystalline beef-pork glucagon dissolved in 7 ml of the same buffer, and in one of the experiments 7 ml of the pancreatic eluate 31-40 ml (Fig.  5 ) containing only 0.5 ug of glucagon, caused marked arterial hyperglycemia. The lack of hyperglycemic activity in the fraction of the jejunal extract containing the glucagon-like immunoreactivity has been a consistent finding in four separate experiments (17) . However, in Fig. 7 the whole extract of jejunum does appear to have some hyperglycemic activity. The striking but extremely transient rise in pancreaticoduodenal vein insulin concentration, shown in the lower panel (after injecting jejunal eluate) of Fig. 6 , has not been a consistent finding with a dose of 1 Mg or less.
However, two experiments have been performed -using a higher dose of glucagon-like immunoreactivity. In one of these experiments (Fig. 8, Comparison of biological activities of jejunal glucagon-like immunoreactivity and glucagon in vivo. 7 ml of eluate containing 0.5 ug of glucagon-like immunoreactivity failed to cause arterial hyperglycemia when injected rapidly into the portal vein of Nembutal-anesthetized dog. Injection of whole extract of jejunum containing an identical quantity of immunoreactivity caused a 35 mg/100 ml rise in arterial glucose conicentration, and 0.5 Ag of glucagon caused a rise of more than 100 nig/100 ml.
creaticoduodenal insulin level was noted 1 min after the injection; this exceeded in magnitude.
if not in duration, the rise noted after an imimunologically equivalent dose of beef-pork crystalline glucagon, even though hyperglycemia was not induced. The other experiment (Fig. 8, lower panel) was identical except that dog, rather than beef, jejunal eluate containing 3.0 ug of glucagon-like immunoreactivity was administered. A 10-fold rise in insulin concentration in the pancreaticoduodenal vein occurred at 1 min after injection, exceeding in height the insulin response to an immutnologically equivalent dose of beef-pork crystalline glucagon. In this experiment a 25 mg/100 ml of blood sugar rise occurred after the injection of the eluate, the only experiment in which a hyperglycemic response with this fraction of jejunal extract was observed. The hyperglycemic response to glucagon was also about 25 mg/100 ml, i.e., an unusually weak response. In both of these experiments the level of glucagon-like immunoreactivity in the vena caval plasma was measured throughout. Although the rate and route of the injections were the same and t t t the quantities of jejunal glucagon-like immunoreactivity and pancreatic glucagon injected were identical in terms of immunologic equivalence, the 1 min level of glucagon-like immunoreactivity in Vena caval plasma was higher after injection of the jejunal material than after injection of crystalline glucagon; the half-time of disappearance of the jejunal material was considerably longer, approximately 20 min, as compared. to 7 min for glucagon. The early differences may reflect a difference in the initial distribution of the two substances and, indeed, the calculated volume of distribution at 1 min was 748 and 857 ml for both the beef and dog jejunal material, respectively, whereas it was 1500 and 1450 ml for glucagon in those experiments. The rapid return to the base line concentration after crystalline glucagon injection suggests that glucagon is removed much more rapidly than the gut material. The in vitro biological activity in the eluate of jejunal extract containing the glucagon-like immunoreactivity was examined in the isolated, perfused liver of fed rats and compared with similar eluates of pancreatic extract. Table V reveals that the jejunal eluate that contained most of the glucagon-like immunoreactivity, 24-27 ml (Fig. 5) , is devoid of measurable glycogenolytic activity. Of the three jejunal eluates, only eluate 32-41 ml in which pancreatic glucagon was found exhibited measurable glycogenolytic activity equivalent, however, to only 10 mug/ml of glucagon. By contrast, in the pancreatic elluates, glycogenolytic activity was highest in eluate 31-40 ml, in which the concentration of immunoassayable glucagon was maximal.
The contents of 3',5' cyclic adenylate was measured by the method of Butcher et al. (19) 3 in livers in which glycogenolytic activity had been noted (Table V) . Only one liver, which had been perfused with the pancreatic eluate 31-40 ml and that had a high glucagon content, showed a definite increase in adenylate above the level of the control liver. Neither the jejunal eluate 24-27 ml nor pancreatic eluate 41-50 ml were considered to have induced a definite increase in 3',5' cyclic adenylate and, in this respect, they were devoid of glucagonlike activity.
These preliminary studies of biological activity strongly suggest that glucagon-like immunoreactivity present in eluates of jejunal extracts does not possess either hyperglycemic, glycogenolytic, or adenyl cyclase-activating activity present in glucagon-containing eluates of pancreatic extracts.
Comparison of insulin response to intravenous and intraduodenal glucose administration. Measurements of insulin concentration in the pancreaticoduodenal vein were made in all experiments and the response to intravenous and intraduodenal administration of glucose was, therefore, compared to determine if the clear-cut and consistent enhancement of peripheral venous plasma insulin levels reported in man after oral glucose administration (20) (21) (22) also occurs in dogs. In 9 of 13 dogs the pancreaticoduodenal vein insulin was greater after intraduodenal glucose than after intravenous glucose loading; the difference in the means of the peak levels was not statistically significant, thus confirming to a degree the findings of Grossman and Gold 4 and of Seltzer (23) . However, in all but 3 of the 13 dogs the "insulinogenic index" (24) , determined here by dividing the area of the insulin increment by the area of the increment of vena cava glucose during the first 20 min 5 after glucose administration, was greater in the intraduodenal experiment (Table VI) . This was true in both "isometric" and "isoglycemic" experiments, but the difference between the groups was only slightly significant (P < 0.05). However, if one excludes dog 2-14, in which the change in insulin was enormous, the difference between the response to intraduodenal and intravenous glucose becomes statistically significant (P < 0.01). This exclusion can be defended on the grounds that this dog is unique, a "hyper-responder," to both intravenously and intraduodenally administered glucose, but particularly to the latter; consequently, this exclusion reduced the significance of the intergroup difference only because of the magnitude of both responses and the resulting increase of standard deviations, rather than through a lack of a greater response to intradtuodenal glucose administration.
To determine if the presumably enterogenous glucagon-like immunoreactivity released during glucose al)sorption might be a potentiator of insulin secretion in these experiments, the maximum increment in vena caval insulin concentration was compared with the associated peak insulinogenic index in each of the iiitraduodenal experiments. No significant quantitative correlation was ob-*served. However, owing to the large individual variation in the magnitude of insulin response to a given glucose concentration, no significant quantitative correlation between glucose and insulin levels was observed in these experiments either; therefore the physiologic implications that can be 4Grossman, M. I., and E. Gold. Personal communication. 5 A 20 min "cut-off point" was selected because it tends to maximize differences between insulinogenic indices of intraduodenal and intravenous experiments. derived from quantitative relationships of these data are probably extremely limited.
DISCUSSION
The foregoing results may help to clarify the controversy concerning the effects of hyperglycemia upon glucagon secretion. These results confirm earlier reports from this laboratory (3, 5) that hyperglycemia induced by intravenous infusion of glucose suppresses the secretion of pancreatic glucagon,0 and are consonant with the traditional 6 It should be noted that in this study suppression never occurred when the base line level of glucagon-like immunoreactivity in the pancreaticoduodenal vein was below 0.9 m~ug/ml, nor was suppression to a level of less than 0.6 m~ug/ml ever observed. This may reflect the presence of a cross-reacting or inhibiting substance in plasma that is not pancreatic glucagon and is not influenced by glucose concentraton, but which is measured in the assay and gives a small but falsely high value for the total concept of glucagon as a hormone of glucose need.
The apparent rise in immunoassayable glucagon after glucose ingestion first observed almost simultaneously' by Samols et al. (1) and by Lawrence (2) has been verified in the present studies, although their intriguing proposals concerning the physiologic implications of the rise are disputed by these data. Having previously demonstrated that glucagon was a potent stimulator of insulin secretion (4), a fact that has been amply confirmed (27, 12) , Samols had suggested that the apparent hyperglucagonemia was derived either from the pancreas or gut (1), and most probably from the pancreas (14) . If, as proposed, glucagon is released during glucose absorption, it might, indeed, be the factor responsible for the augmented insulin response'to orally administered glucose (1) observed most dramatically in man.
The results of these studies suggest otherwise, however. First, it appears that hyperglycemia per se, whether induced by intravenous or enteric administration of glucose, does not stimulate the secretion of pancreatic glucagon, but probably suppresses it. Second, it is now virtually certain that the rise in glucagon-like immunoreactivity that follows the enteric administration of glucose is not pancreatic glucagon, since it occurs in the absence of the pancreas; Samols, too, has recently observed the characteristic rise after the intrajejunal administration of glucose to a totally depancreatized human (28) . Furthermore, the present studies in triply catheterized dogs indicate that the pancreatic contribution cannot account for the rise, although evidence of enhancement of the pancreatic contribution does appear after 90 min in the form of a reversal of the vena cava-pancreaticoduodenal vein gradient, which coincides with a waning of hyperglycemia.
The experiments in the triply catheterized dogs (Table III) were designed to determine if the gut was the source of the extrapancreatic contribution of glucagon-like immunoreactivity during glucose absorption. It has been reported by Schenk level of "glucagon." This same possibility has been proposed previously, both on the basis of a lack of parallelism between dilution slopes of fasting plasma and of glucagon (14) , and on the basis of assays of plasma fractions after ultracentrifugation (25) . It would, furthermore, agree extremely well with the predictions of Sokal regarding the levels of circulating glucagon derived from bioassays of glycogenolytic activity (26) . et al. (29) that the portal vein contribution to the total inferior vena caval venous return is approximately 30%o; if this figure is correct, a substance released from the gut would be diluted 2.3 times when mixed in the inferior vena caval blood. In these studies (Table IV) the mean increment in the mesenteric vein level of glucagon-like immunoreactivity at 5 min after the glucose load is 0.25 mjg/ml and 3.1 times that in the increment in the inferior vena cava (0.08 mjg/ml); at all subsequent times, however, the increment is less than twice. This failure to observe predicted dilution ratio can be interpreted in one of three ways: (1) extraintestinal sites also contribute to the rise in glucagon-like immunoreactivity; (2) Schenk's estimate of dilution by extraportal venous return is incorrect under the conditions of this experiment; (3) the measurements of glucagon-like imimunoreactivity are quantitatively inaccurate. All of these possibilities may pertain. As for the first possibility, a survey of various tissue extracts has failed to reveal the presence of significant quantities of glucagon or glucagon-like immunoreactivity, except in the gastrointestinal tract and pancreas; 7however, the apparent early suppression of the pancreatic glucagon secretion is short-lived and, thereafter, a rising pancreatic contribution coupled with a declining intestinal contribution may diminish the ratio of mesenteric vein to vena caval glucagon-like immunoreactivity. For the second possibility, the estimated dilution of portal blood (29) may well be higher than actually occurs during alimentation when an increase in the ratio of portal to nonportal venous return would be expected; by adding one SD from Schenk's estimate of total inferior vena caval return, one derives a portal-to-nonportal ratio that approaches unity.
With the third possibility, the reliability of the measurements themselves, the limitations of the assay have already been pointed out allnd its semiquantitative nature emphasized. It is unlikely that the precision of the assay is sufficient to permit meaningful comparison of differences of less than 0.3 mtg/ml. Furthermore, since the jejunal glucagon-like immunoreactivity present in tissue extracts does not "dilute out" proportionately to glucagon (25) , it is therefore possible that values for enterogenous glucagon-like immunoreactivity, di7Unger, R. H., and A. M. Eisentraut. Unpublished observations.
(lucagon-Like Immunoreactivity after Glucose Loading luted by vena caval blood, fail to reflect the full effect of dilution.
Comparative studies of the glucagon-like immunoreactivity present in extracts of canine jejunum reveal major physical and biological differences from pancreatic glucagon. Its elution volume on Sephadex G-25 columns suggests that its molecular size is at least twice as large as that of pancreatic glucagon. In vivo studies indicate that it lacks the hyperglycemic activity of pancreatic glucagon and of whole jejunal extract as well (Fig. 6 ). In addition, in vitro studies reveal it to be devoid of glycogenolytic activity and incapable of increasing the level of hepatic 3',5' cyclic adenylate in the isolated perfused rat liver. Sokal has also found that such eluates lack glycogenolytic activity.8 In short, this material either is a substance quite different from glucagon, but which cross-reacts with glucagon antibodies, or it is glucagon in a different form, i.e., an aggregate of glucagon or glucagon complexed to another molecule. It does not appear to be the source of the glucagon-like activity noted by Makman and Sutherland (30) to be present in extracts of human gastrointestinal tissue, and which, in these studies, may well be in the 32-41 ml eluate (Table  V) . It is therefore suggested that the jejunal immunoreactivity be tentatively referred to as a "cross-reacting material" or CRM, as proposed by Samols (28) . It is, of course, possible that this material is a storage form of a smaller molecule which may be similar or identical with glucagon or may be glucagon-like. If this material is released from the gut during glucose absorption it may, of course, represent no more than a nonspecific consequence of a large hypertonic load. Nevertheless, the possibility that it is a hormone of blood glucose homeostasis must be considered. The most obvious of the possible hormonal roles under consideration would be one of enhancer of the insulin response to ingested glucose. (In both experiments in which 3.0 lAg or more of the gut immunoreactivity was employed, an impressive response of insulin release, comparable to that elicited by immunologically equivalent quantities of glucagon, was noted.)
It now seems certain that increased secretion of pancreatic glucagon is not involved in the response to glucose ingestion, except, possibly, as a permissive stimulator of insulin response. However, it
